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(54) Combination push switch device. 

(57) A combination push switch device perform- 
ing multiple functions is disclosed. The push 
switch device includes a base provided with at 
least two switch elements and at least two 
linkage members, and a push button provided 
with push members and linkage members at 
positions opposite to said switch elements and 
linkage members of the base, respectively. The 
base and the push button are assembled to- 
gether by the linkage members of both the base 
and the push button so as to enable the button 
to move vertically. A return means is provided 
for forcing the push button to return to the 
original position thereof upon releasing the 
push button. The combination push switch de- 
vice thus constructed is simple in structure and 
easy to assemble. 
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BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

The present invention relates to a combination 5 
push switch device having multiple operational func- 
tions for use in the remote controller for audio visual 
equipment, such as consumer electronics, in the key- 
board for office automation equipment, and similar 
applications. to 

2. Discussion Of Related Art 

In recent years as more and more functions are 
incorporated with audio visual equipment and office 15 
automation equipment, there have been used differ- 
ent combination push switch devices wherein a plur- 
ality of switch elements are put together on a base. 

Specific examples of such combination push 
switch devices are found in the remote controller of a 20 
video cassette recorder for operating the functions of 
reproducing, recording, forwarding, rewinding, stop- 
ping, or similar operations and in the keyboard of a 
personal computer for shifting a cursor on the display 
up and down or right and left. 25 

These combination push switches are usually 
built from a plurality of basic switch parts, which are 
comprised of pairs of switch elements and push but- 
tons and arranged on specified positions on a base, 
and a cover plate with a plurality of openings, through 30 
which the push buttons project, to protect the rest of 
the basic switch part assembly. The push buttons are 
supported by spiral springs for moving up and down 
and are also provided with flanges having diameters 
larger than those of the openings made on the cover 35 
plate to prevent the push buttons from jumping out up- 
ward. 

As smaller sizes and reduced prices have been 
required of many kinds of electronic equipment re- 
cently, strong requirements for smaller dimensions 40 
and lower costs have been put forth with the combin- 
ations push switch devices used in such equipment. 

However, because of the structure of the prior art 
combination push switch devices, which include nu- 
merous individual basic switch parts, a high density 45 
layout of those basic switch parts is not possible, re- 
sulting in imposing some limitations on the size reduc- 
tion of such devices. In addition, since many compo- 
nent parts are used, the assembly of the combination 
push switch devices tends to be complex and the 50 
steps thereof also tend to be numerous. As a result, 
the assembly cost of such prior art devices is likely to 
be high. 

The prior art discussed above does not suggest 
the advantage of having a combination push switch 55 
device comprising a single push button with at least 
two push members which can independently operate 
at least two switch elements. 



SUMMARY OF THE INVENTION 

One embodiment of the invention is directed to a 
combination push switch device which comprises: 

(a) a base which comprises at least two switch 
elements and a linkage means placed in at least 
two positions on the base; 

(b) a push button having push members at each 
respective position opposite to each of the switch 
elements and a linkage means at each respective 
position opposite to each of t he linkage means on 
the base; and 

(c) a return means which forces the push button 
to return to the original position thereof when a 
depress force is released from the push button. 
The base and the push button are coupled (as- 
sembled) through a coupling between the linkage 
means of the base and the linkage means of the push 
button so as to allow the push button to move verti- 
cally. 

A second embodiment of the invention is directed 
to the combination push switch device described 
above which additionally comprises a central (sec- 
ond) push button (smaller in size than the push button 
described above). The centra! push button is inserted 
into an opening provided substantially in the central 
portion of the push button. The central button is mov- 
able in the vertical direction independently of the 
push button. A separate switch element is arranged 
on the base at a position opposite and corresponding 
to the central push button to provide an additional 
switch element independent of the switch elements 
operated by the push button. 

Each of the switch elements comprises a fixed 
contact formed on the upper surface of the base, a 
movable contact arranged on the fixed contact, and 
an adhesive insulating film for maintaining the mov- 
able contact on the fixed contact. The movable con- 
tact is preferably dome-shaped. 

An additional embodiment of the invention is di- 
rected to a combination push switch device which in- 
corporates a rotational angle detecting function into 
the push switch device described above. The combin- 
ation push switch device of this embodiment compris- 
es: 

(a) a base which includes at least two switch ele- 
ments and linkage means placed in at least two 
positions on the base; 

(b) a push button having push members at each 
respective position opposite to each of the switch 
elements and linkage means at each respective 
position opposite to each of the linkage means of 
the base; 

(c) a return means which forces the push button 
to return to the original position thereof when a 
depress force is released from the push button; 

(d) a ring-like knob arranged outside the outer cir- 
cumference of the push button, the ring-like knob 
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provided with a knob-placed linkage means; 

(e) a linkage means for the knob arranged on the 
base at positions opposite to the knob-placed 
linkage means; 

(f) a rotational angle detecting means for detect- 5 
ing the rotational angle of the ring-like knob; and 

(g) a rotational return means for returning the 
ring-like knob to the original position thereof upon 
release of the rotational operation. 

in this embodiment, the base and the push button 10 
are assembled together through a coupling between 
the linkage means of the base and the linkage means 
of the push button to allow for a vertical movement of 
the push button. The base and the ring-like knob are 
assembled together through a coupling between the 15 
linkage means for the knob on the base and the knob- 
placed linkage means on the ring-like knob to allow a 
rotational movement of the ring-like knob. 

The rotational angle detecting means comprises 
at ieast one slide contact formed on the bottom sur- 20 
face of the ring-like knob and circular arc-shaped con- 
tacts formed on the base at positions opposite to the 
slide contacts. 

The combination push switch device of this inven- 
tion provides important advantages. With the combin- 25 
ation push switch device of this invention, one push 
button can operate a plurality of switch elements in- 
dependently due to the seesaw-like motion of the 
push button. Additionally, the miniaturization of the 
device and a reduction in the number of components 30 
used in its construction can be achieved. 

The seesaw-like motion of the push button is fa- 
cilitated by the couplings formed by the linkage 
means of the base and the linkage means of the push 
button. The couplings serve as fulcra at least two 35 
places for a stabilized motion. Thus, even when one 
of the switch elements is turned on, it is possible to 
have the other switch element kept open (i.e., turned 
off), thereby preventing erroneous functioning of the 
switch device. Furthermore, the extremely compact 40 
construction of the switch elements results in a reduc- 
tion of the thickness of the switch elements and con- 
tributes to a thin construction of the entire combina- 
tion push switch device. 

Additionally, since multiple switch elements can 45 
be formed at one time on the base, the assembly of 
the combination push switch device is substantially 
simplified. 

Further, by having each linkage means of both 
the base and the push button constructed from a sup- 50 
port which is provided with a slip preventive means, 
such as a pawl, for example, and by having the sup- 
ports of the linkage means either of the base or the 
push button formed of an elastic material, the linkage 
means of the base and of the push button can be cou- 55 
pled with each other simply by pressing the push but- 
ton down towards the base, which simplifies assem- 
bly of the device. 



Additionally, by having the linkage means placed 
in appropriate positions so that the fulcra of the see- 
saw motion are located at the same positions as the 
push member or inside thereof, depressing (i.e., ac- 
tivating) one switch element does not cause errone- 
ous operation of the other switch elements even if the 
gaps between the switch elements and the push 
members are narrowed. Accordingly, the thickness of 
the whole combination push switch device can be fur- 
ther reduced. 

Furthermore, since there is no linkage means in 
the central portion of the push button, an opening can 
be made therein and an individual switch element can 
be placed in the central portion of the push button as 
discussed above. As a result, the function of the com- 
bination push switch device can be expanded. Fur- 
thermore the provision of the rotational angle detect- 
ing means in one of the embodiments described 
above makes it possible to provide a combination 
push switch device of a simple and thin structure and 
expanded multiple functions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 through Fig. 7 relate to a combination 
push switch device described as a first exemplary 
embodiment (Embodiment 1) of the present inven- 
tion. 

Fig. 1 is a perspective view of the combination 
push switch device. 

Fig. 2 is a top plan view of a base on which switch 
elements have been formed. 

Fig. 3 is a cross-sectional view of the combination 
push switch device cut along the line Xa - Xa, as 
shown in Fig. 2. 

Fig. 4 is a cross-sectional view of the push switch 
device cut along the line X-, - X v 

Fig. 5 is an enlarged cross-sectional view of 
switch elements. 

Fig. 6 is a cross-sectional view of the push switch 
device cut along the line X! - X 1f while one of the 
switch elements is in operation (activated). 

Fig. 7 is a cross-sectional view of the push switch 
device cut along the line Xa - Xa, while one of the 
switch elements is in operation (activated). 

Fig. 8 is a cross-sectional view of a combination 
push switch device which is a modification of the push 
switch device of the first embodiment. 

Fig. 9 and Fig. 10 relate to a combination push 
switch device described as a second exemplary em- 
bodiment (Embodiment 2) of the present invention. 

Fig. 9 is a perspective view of the combination 
push switch device. 

Fig. 10 is a cross-sectional view of the push 
switch device of Fig. 9. 

Fig. 11 through Fig. 16 relate to a combination 
push switch device described as a third exemplary 
embodiment (Embodiment 3) of the present inven- 
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tion. 

Fig. 11 is a cross-sectional view of the push 
switch device. 

Fig. 12 is a top plan view of the push switch de- 
vice. 

Fig. 13 is a top plan view of a contacts board. 

Fig. 14 is a top plan view showing how the con- 
tacts board is assembled with a base. 

Fig. 15 is a top plan view showing how a ring-like 
knob is mounted on the base. 

Fig. 16 is an enlarged cross-sectional view of a 
switch element. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the invention will 
now be described in conjunction with the illustration 
thereof in the drawings. 

According to a first embodiment of the invention, 
illustrated in Figs. 1-7, a combination push switch de- 
vice that can be used, for example, for shifting a cur- 
sor of a personal computer will be described. As 
shown in Fig. 1 , the combination push switch device 
of this embodiment comprises a contact sheet 13 
made of a heat resistant resin film with four switch ele- 
ments formed on its surface. The contact sheet is 
supported by a base 11. The base 11 is produced by 
molding an insulating resin. Over the base 11 there is 
placed a push button 27 having four push positions 
35A, 35B, 35C and 35D. 

An element 21 is a terminal block of the contact 
sheet 13 and elements 34 are elastic supports for 
mounting the combination push switch device to 
equipment. 

The combination push switch device of this em- 
bodiment will be described in detail by referring to Fig. 
2 through Fig. 5. 

Fixed contacts 12A- 12D are printed on the con- 
tact sheet 13 at respective positions which are located 
on the axes X^ and Y, at an equal distance from the 
origin where the two rectangular coordinate axes X^ 
and Y 1 cross each other (the point of intersection of 
the axes X 1( and Y n ). 

Supports 15A, 15B, 15C and 15D, having pawls 
14A, 14B, 14Cand 14D placed on the tips of the sup- 
ports to prevent slippage, are integrally molded with 
the base 11 at respective positions which are located 
on axes X 2 and Y 2 at an equal distance from the origin 
of the X 2 - Y 2 rectangular coordinate axes (the point 
of intersection of the axes X 2 and Y 2 ). The X 2 - Y 2 rec- 
tangular coordinate axes are rotated from the X, -Y^ 
coordinate axes by 45 degrees. 

Elastic dome-shaped movable contacts 16A, 
16B, 16C and 16D are fixed over the fixed contacts 
1 2A - 1 2D by means of adhesive insulating films 1 7A, 
1 7B, 1 7C and 1 7D, respectively, thereby creating four 
switch elements 18A, 18B, 18C and 18D. 



Details of these switch elements 18A- 18D will be 
explained with the help of Fig. 2 and Fig. 5. 

The fixed contacts 12A- 12D comprise, respec- 
tively, C-shaped ring-like contacts 19A, 19B, 19Cand 

5 1 9D located on the outer circumference, small circu- 
lar contacts 20A, 20B, 20C and 20D located in the 
center, and leads 22A, 22B, 22C and 22D and leads 
23A, 23B, 23C and 23D which make connection be- 
tween the contacts and the terminals. Insulating paint 

10 layers 24A, 24B, 24C and 24D are applied over the 
places where the C-shaped ring-like contacts 19A- 
1 9D are cut out and the leads 23A - 23D pass. 

Although the leads 22A- 22D and the leads 23A 
- 23D are connected to each terminal of the terminal 

15 block 21, the connection is not illustrated in Fig. 2. 

The movable contacts 1 6A- 1 6D placed over the 
fixed contacts 1 2A- 12D are aligned in their positions 
so that their peripheries 25A - 25D may come into 
contact with the C-shaped ring-like contacts 19A - 

20 19D. The movable contacts are fixed on the base 11 
at each respective periphery by means of adhesive in- 
sulating films 17A- 17D covering the entire structure 
of each of the movable contacts 16A - 16D. At this 
time, the curved central portions 26A - 26D of the 

25 movable contacts 1 6A- 16D keep a fixed gap e (snap 
back stroke) from the small circular contacts 20A - 
20D. The leads 23A- 23D and the peripheries 25A- 
25D, of the movable contacts 16A- 16D, superim- 
posed over the leads 23A - 23D, are insulated from 

30 each other by the insulating paint layers 24A - 24D. 

The push button 27 which actuates (activates) or 
releases the switch elements 18A- 18D is provided 
with push members 28A, 28B, 28C and 28D on its bot- 
tom surface at the places opposite to the respective 

35 switch elements. 

On each of the radial lines situated just between 
any pairs of the push members 28A- 28D on the bot- 
tom surface of the push button 27 are respectively 
formed rods 30A, 30B, 30C and 30D which are pro- 

40 vided with pawls 29A, 29B, 29C and 29D to prevent 
slippage on the tips of the rods on the outside surface 
thereof. These rods 30A- 30D and pawls 29A- 29D 
are located so that they extend inside of the supports 
15A- 15D and engage (mesh) with the pawls 14A- 

45 14D of the supports 15A- 15D erected on the base 
11. Accordingly, the push button 27 can be supported 
in such a way that it is movable vertically. 

Due to the elasticity of the supports 15A - 15D 
which are formed of an elastic material, the coupling 

50 between the rods 30A - 30D and the supports 15A - 
15D takes place by depressing the former onto the 
latter. 

Also, as shown in Fig. 2, the rods 30A- 30D are 
restricted in their rotational motion by stopper extru- 
55 sions 31 A, 31 B, 31C and 31 D formed next to the sup- 
ports 15A - 15D. The stopper extrusions 31 - 31D 
therefore provide an additional means of immobilizing 
the position of the push button 27 from rotating. 
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To ensure the operation of the switch elements 
18A- 18D, ihere has to be provided a gapf (Fig. 3) be- 
tween the tips of the push members 28A- 28D and 
the movable contacts 1 6A- 16D. There also has to be 
maintained a coupling (an engagement) between the 
pawls 29A- 29D of the rods 30A- 30D and the pawls 
14A- 14D of the supports 15A- 15D by forcing the 
push burton 27 away from the base 1 1 under the nor- 
mal operational position. For this purpose, a spiral 
spring 33 (Fig. 4) is placed between the base 11 and 
the push burton 27 at a position defined by an extru- 
sion 32 formed in the central portion of the push but- 
ton 27. 

Further, the elastic supports 34 having catches 
are used for mounting this combination push switch 
device on a printed wiring board or similar portion of 
equipment, and the terminal block 21 of the contact 
sheet 1 3 is used for connecting the combination push 
switch device with the circuit of the equipment by 
means of a connector or a functionally similar ele- 
ment 

The operation of the combination push switch de- 
vice of this embodiment will now be explained. 

With reference to Fig. 6, assume, for example, 
that it is desired to operate the switch element 18A. 

The specified push position 35Aof the push but- 
ton 27 corresponding to the switch element 18Ais de- 
pressed and the push button 27 is tilted, with the re- 
spective coupling points between the pawls 14B and 
14C of the supports 15B and 15C and the pawls 29B 
and 29C of the rods 30B and 30C serving as fulcra in 
a seesaw motion. 

After the push member 28A located under the 
push position 35A is moved downward the distance of 
the gap f and further the central portion 26A of the 
movable contact 16A is moved downward the dis- 
tance of the snap back stroke e, the small circular 
contact 20A of the fixed contact 12A will come into 
contact with the elastic dome-shaped movable con- 
tact 16 A. 

Upon removal of the depressing force from the 
push position 35A, the push button 27 returns to its 
original position due to the force of the spiral spring 
33. At the same time, the movable contact 16A will 
also return to its original state as shown in Fig. 5 due 
to its own elastic force. 

In order for the push members 28B and 28D of 
the push button 27 not to depress the respective cor- 
responding movable contacts 16B and 16D of the 
switch elements 18B and 18D when the push button 
27 is tilted as in Fig. 6, the downward travel distance 
g (Fig. 7) of the push members 28B and 28D should 
be less than the aforementioned gap distance f be- 
tween the tips of the push members 28B and 28D and 
the respective movable contacts 16B and 16D. 

When the distance between each of the switch 
elements 18Aand 18C (Fig. 6) and the center of the 
push button 27 is k, and the distance between the ful- 



cra and the centerwith the tilted push button is h, the 
downward travel distance g of the push member 28B 
will be expressed by the equation (1) below: 
g = (e + f).h/(h + k)^f (1) 

5 In this case, the fulcrum (also referred to herein 

as the "(apparent) fulcrum") is at the point where the 
line connecting the coupling points of the supports 
1 5B and 30B and those of the supports 1 5C and 30C 
crosses the X^ axis. 

10 From the equation (1), the gap distance f can be 

derived as in the equation (2) below: 
f s e . h / k (2) 
In the present embodiment, h is made equal to k 
(h = k) and f becomes equal to or larger than e (f ^ 

15 e). 

In other words, the gap distance f between each 
of the switch elements 18A- 18D and each of the cor- 
responding push members 28A- 28D should be equal 
to or largerthan the return back stroke e (e.g., the ac- 
20 tuation stroke of the switch element) of the movable 
contacts 16A- 16D. Therefore, when a switch element 
having a short actuation stroke e, such as the above- 
mentioned switch element is used, the thickness of 
the combination push switch device becomes small. 

25 Additionally, in case of h=k (h/k=1), the seesaw 

motion of the push button is very smooth and the ex- 
tremely stabilized operation of it is achieved. In this 
embodiment the (apparent) fulcra of the seesaw mo- 
tion are at the same positions as the switch elements 

30 18A- 18D and the respective push members 28A- 
28D. It will be understood by those skilled in the art 
that the term "the same positions," means that the 
(apparent) fulcra are placed in substantially the same 
positions on the X r X^ and Y^Y, axes as the switch 

35 elements and the push members. However, minor de- 
viations from the placement of the apparent fulcra in 
precisely the same positions (as the switch elements 
and the push members) are possible. Such deviations 
will not alter operability of this invention, and are fully 

40 within the scope of the invention. 

As a result of investigating other embodiments 
similar to the present embodiment, a ratio of h/k being 
in the range of 0.8 to 1 .4 (0.8 ^ h/k ^ 1 .4) is preferable 
in stability of the push button operation. 

45 Also, as is clear from the equation (2), a smaller 

value of h, e.g., as the coupling points become closer 
to the center of the push button 27, will result in the 
smaller gap distance f, contributing to making the 
combination push switch device smaller in thickness. 

so In an alternative embodiment, the linkage means 

of the base and of the push button are positioned so 
that h^k, where h and k are as defined above. In this 
embodiment when h is equal to or smaller than k (h 
^ k), e.g. , the supports 15A- 15D and the rods 30A 

55 - 30D are arranged so as to have the (apparent) fulcra 
of the seesaw motion on the X1 and Y1 axis situated 
in the same positions as or inside the switch elements 
1 8A - 1 8D and the push members 28A - 28D, it will be- 
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come possible to realize a combination push switch 
device of smaller thickness. 

As a preferred exemplary embodiment of the 
means to couple the push button 27 with the base 11 , 
an example wherein supports 15A- 15D having pawls 
14A- 14D on the tips thereof are coupled with rods 
30A- 30D having pawls 29A- 29D on the tips thereof, 
respectively, has been illustrated. However, other 
means of coupling can also be employed. For in- 
stance, each of the tips of the rods 30A - 30D as used 
in this embodiment can be U-shaped and the pawls 
14A - 14D (having a suitable complementary shape, 
such as a hook-shape or a U-shape) of the supports 
15A - 15D can be hung on the U-shaped tips of the 
rods 30A- 30D, respectively, to complete the coupling 
between the rods 30A- 30D and the supports 15A- 
15D. 

Alternatively, as shown in Fig. 8, four supports 
43A- 43D having pawls 42A- 42D on the tips thereof, 
respectively, are formed on a base 41 in the same 
way as the foregoing embodiment, and four holes 46A 
- 46D having projections 45A - 45B therein, respec- 
tively, are formed in a push button 44. In this embodi- 
ment, coupling of the base 41 and the push button 44 
can be achieved by having the supports 43A - 43D in- 
serted in the holes 46A- 46D and the pawls 42A- 42D 
coupled with the projections 45A- 45D, respectively. 
In yet another alternative embodiment (not illustrat- 
ed), the coupling between a base and a push button 
can be achieved by having four holes each, with a pro- 
jection, formed in the base and four rods, each with 
a pawl, formed on the push button. 

A second embodiment of the invention is illustrat- 
ed in Fig. 9 and Fig. 10 which show a combination 
push switch device, which is a modified version of the 
combination push switch device of the first embodi- 
ment discussed above. This combination push switch 
device has a structure which additionally comprises a 
push button 27 having in its central portion an opening 
36 with a projected step formed inside thereof, a sec- 
ond push button 37 having a push member 28E to be 
inserted in the hole 36, and a switch element 18E 
formed on the base 11 at a position opposite to the 
push member 28E. 

The second push button 37 is provided with four 
rods 38A- 38D (the rods 38B and 38D are not shown 
in Fig. 10), each having a pawl on the tip thereof. The 
second push button 37 is movable downwards inde- 
pendently from the push button 27, but is prevented 
from moving upwards beyond the position where the 
tip of the push member 28E is on a level with the tips 
of the other four push members of the push button 27. 

Therefore, the switch element 18E can be oper- 
ated separately from the other switch elements 1 8A - 
18D by depressing the push button 37. Additionally, 
the switch element 18E is not affected by the opera- 
tion of the push button 27. 

It will be understood by those skilled in the art 



that the switch elements 18A- 18Dof this second em- 
bodiment are constructed and operated in substan- 
tially the same manner as the switch elements 18A- 
1 8D of the first embodiment of the invention illustrat- 

5 ed in Figs. 1-8, and discussed above. Similarly, the 
construction and operation of the combination push 
switch device of this second embodiment is substan- 
tially the same as those of the first embodiment, ex- 
cept for the particular differences illustrated and dis- 

w cussed herein. 

A third embodiment of the Invention is shown with 
reference to Fig. 11 through Fig. 15, which illustrate 
a combination push switch device which comprises 
an encoding function. Such a device can be used in 

15 various applications, for example, in a remote control- 
ler for video cassette recorders. 

An element 51 is a resin molded base, on which 
a contact sheet 52 formed of a temperature resistant 
resin film is laminated. On the contact sheet 52 are 

20 formed, for example by printing and baking, a circular 
arc-shaped fixed contact 53 (Fig. 13) for a rotational 
encoder on the outer circumference, two fixed con- 
tacts 54 for switch elements near the central portion, 
and a terminal block 55 for connection with outside in 

25 the end portion. 

Five elastic supports 58, each having a pawl 56 
on its tip to prevent slipping of the elastic supports 58, 
and four elastic supports 59, each having a pawl 57 
on its tip to prevent slipping of the elastic supports 59, 

30 are formed by molding together with the base 51 at 
positions equally spaced along a circular arc line be- 
tween said circular arc-shaped fixed contacts 53 and 
said f ixed contacts 54 for switch elements. 

An element 60 is a resin molded ring-like knob, 

35 which is held by the elastic supports 58 formed on the 
base 51 in such a way that it can be rotated. 

Also, under the bottom surface of the knob 60 are 
held a slide contact 61 , which is formed of a thin metal 
plate and which contacts the circular arc-shaped 

40 fixed contacts 53; and, therefore formed two extrud- 
ed steps 62Aand 62B for clamping down ends 63B of 
a spiral spring 63. 

The main coiling portion 63Aof the spiral spring 
63 is squeezed into inside the circumference laid out 

45 by the elastic supports 59 erected on the base 51 and 
the ends 63B of the spiral spring 63 are clamped 
down on the sides 64A and 64B of the elastic sup- 
ports 59 and on the two extruded steps 62A and 62B 
of the ring-like knob 60. 

so An element 65 is an elastic dome-shaped mov- 

able contact for a switch element. One such movable 
contact is mounted over each respective fixed contact 
54 by an adhesive insulating film 66 (Fig. 16). 

Details of the switch element formed (as in the 

55 first embodiment) of a fixed contact and a movable 
contact will be described by referring to Fig. 13 and 
Fig. 16. 

Each respective fixed contact 54 is comprised of 
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a C-shaped ring-like contact 54A located on an outer 
circumference, a smaller circular contact 54B located 
in the central portion, and leads 54C and 54D which 
connect the respective contacts to a terminal block 
55. 

An insulating paint layer 54E is applied by printing 
over the area where the C-shaped ring-like contact 
54A is cut out and the lead 54D from the smaller cir- 
cular contact 54B passes. 

The position of the movable contact 65 to be 
mounted over the fixed contact 54 is determined so 
as to have its outer periphery 65A superimposed ex- 
actly on and contacted with the C-shaped ring-like 
contact and the entire movable contact 65 is covered 
by an adhesive insulating film 66 to have its periphery 
fixed onto the base 51. 

At this time, the curved central portion 65B of the 
movable contact 65 keeps a fixed gap from the small 
, circular contact 54B. 

The lead 54D and the periphery 65A of the mov- 
able contact 65 superimposed over the lead 54D are 
insulated from each other by the insulating paint layer 
54E. 

An element 67 is a push button for actuating the 
switch element formed of the fixed contact 54 and the 
movable contact 65. The push button 67 is comprised 
of an upper circular flat member 67A, push member 
67B extending downwards to the respective movable 
contacts 65 and rods 67C with pawls for holding the 
push button 67 in a specified position. 

The rods 67C are formed at the places opposite 
to the respective elastic supports 59 and arranged on 
a semi-circle which is a little smaller than the circle in- 
scribed with the elastic supports 59 laid out on the 
base 51 along a circular arc (C-shaped). 

The pawls 67D on the tips of the rods 67C are 
coupled with the corresponding pawls 57, which are 
formed on the tips of the elastic supports 59 to pre- 
j vent the pawls 57 from slipping off, with a snapping 
action due to the elasticity of the elastic supports 59 
by just depressing the push button 67. 

Two rods out of the four rods 67C are restricted 
in the rotational motion thereof by projections for ro- 
tation stoppage 68 (Fig. 15), which are formed on the 
base 51 at positions located side by side with the 
elastic supports 58 and 59, thereby preventing rota- 
tion of the push button 67. 

To ensure the operation of the switch elements, 
a gap between the tips of the push members 67B and 
the movable contacts 65 is created. To maintain a 
coupling between the pawls 67D of the rods 67C and 
the pawls 57 of the elastic supports 59, a spring coil 
69 of a relatively small diameter is inserted in the cen- 
tral portion of the push button 67. 

The operation of the combination push switch de- 
vice of this embodiment will now be explained. 

For purposes of illustration and exemplification, 
an example where the push button 67 is depressed 



for selecting a mode of operation of a cassette tape 
recorder will be described. 

When a fiat area 67E surrounded by an ellipse on 
the push button 67 (Fig. 12) is depressed, the push 

5 member 67B located on the bottom surface of the 
push button 67 is moved downwards. Then, the tip of 
the push member 67B depresses the corresponding 
movable contact 65 causing its central portion 65B to 
be pushed down and come into contact with a small 

10 circular contact 54B. This causes an electrical contact 
between the C-shaped ring-like contact 54Aand the 
smalt circular contact 54B through the movable con- 
tact 65. 

As a result, an electrical signal is passed to the 
15 terminal block 55 through the specified leads 54B 
and 54C. 

At this time, the spiral spring 69 is a little relaxed 
and two of the pawls 67D located near the depressed 
flat portion 67E surrounded by an ellipse are detach- 

20 ed from the pawls 57 of the elastic supports 59. 

When the depress force imposed on the push 
button 67 is removed, the push button 67 returns to 
its original position due to the elastic force of the spiral 
spring 69, and also the movable contact 65 is restored 

25 to its original dome-shape as shown in Fig. 16 be- 
cause of its own elasticity/ 

Next, there will be described the use of the com- 
bination push switch device of this embodiment to 
perform an encoding function, namely the "shuttle" 

30 function, whereby the speed of "Replay" is varied in 
a video cassette recorder. 

When the ring-like knob 60 is rotated right (in the 
clockwise direction) from the position for "Still Picture 
Replay" wherein the ring-like knob 60 is maintained 

35 in the neutral position, the elastic slide contact 61 
held on the bottom surface of the ring-like knob 60 will 
be sliding on the circular arc-shaped fixed contact 53 
and the position where both of the contacts are in 
touch with each other will be changed. 

40 As a result, the output signal to the terminal block 

55 is changed and the replay speed can be changed. 

At that time, the ring-like knob 60 is rotated white 
one of the ends 63B of the spiral spring 63 is hooked 
by the extruded step 62A (or 62B) created on the bot- 

45 torn surface of the ring-like knob 60, and the main 
coiling portion 63A of the spring coil 63 contracts 
against the elasticforce exerted. Upon removal of the 
force exerted on the ring-like knob 60, the ring-like 
knob 60 will be restored to its original neutral position, 

so e.g., "Still Picture Replay" position, due to the elastic 
force of the main coiling portion 63A of the spiral 
spring 63. 

Although an example of using circular arc-shap- 
ed contacts 53 and a slide contact 61 has been illu- 
55 strated in Embodiment 3 as a preferred means of de- 
tecting the rotational angle of the ring-like knob 60, 
other means of detection can also be used. 

For instance, a continuous ring-like resistance 
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film formed of an electric resistive material can be 
used instead of the circular arc-shaped contacts 53 
and by sliding a slide contact on said resistance film 
the rotational angle of a ring-like knob can be detect- 
ed from the changes in electric resistance. 

Also, it is possible to use a detection means 
wherein a magnetic film recorded with a magnetic sig- 
nal pattern is placed on the bottom surface of a ring- 
like knob and magnetic signals are detected by a mag- 
netic head installed on a base to detect the rotational 
angle of the knob.' 

Further, it is also possible to use a rotational an- 
gle detection means known in the art as an optional 
encoder, wherein a light emitting device, a slit serving 
as a window, and a light receiving device are assem- 
bled together. 

According to the present invention, a wide range 
of variations, changes and modifications can be made 
to the exemplary embodiments described above. 

For example, although a switch element of a 
dome-shaped movable contact type was described in 
the foregoing exemplary embodiments, a push ele- 
ment which is actuated by an up and down (vertical) 
movement of an associated knob can be used in- 
stead. 

Additionally, in place of a base which is molded 
integrally with supports and other elements descri- 
bed above, a printed wiring board or a die-cast base 
can be used. 

Furthermore, the spiral spring used as the return 
force means in one of the embodiments described 
above can be replaced by a plate spring or other suit- 
able elastic materials, such as rubber, sponge or the 
like. 

Although, in the second preferred embodiment of 
the invention, discussed above, the second push but- 
ton illustrated therein is of a rectangular or square 
shape, the second push button of any other shape, 
such as circular, may be used. 

The embodiments described above provide a 
number of significant advantages. The combination 
push switch device, such as that illustrated in Figs. 1- 
7, provides a convenient and easy means of operating 
a plurality of switch elements independently of each 
other with a single push button. Such switch elements 
are operated independently due to the seesaw-like 
motion of the push button, while the operation of the 
other switch elements is effectively prevented by the 
features described above. Such a construction of the 
device enables the manufacturer to substantially re- 
duce the number of components used in its assembly 
as compared to similar prior art devices. This, of 
course, also simplifies and reduces the cost of the as- 
sembly of the device. 

The seesaw-like motion of the push button is fa- 
cilitated by the coupling of the linkage means of the 
base and the linkage means of the push button. The 
couplings provide fulcra points at least two places of 



the device for a stabilized motion of the push button. 
Thus, even with the activation of one of the switch 
elements, it is possible to effectively keep the other 
switch elements open and therefore non-active. This 

5 provides an effective means of preventing inadver- 
tent and/or erroneous activation of one of the switch 
elements which is not intended to be activated. 

The extremely compact construction of the 
switch elements, combined with the use of a single 

10 push button, results in a substantial reduction of thick- 
ness of the entire combination push switch device. 
The assembly of the combination push switch device 
is substantially simplified by the ability to form multi- 
ple switch elements at the same time on the base. 

15 Furthermore, the construction of the linkage 

means of the base and the push button comprising a 
support provided with a slip preventive means, such 
a pawl, and the fabrication of the supports (or rods) 
of the base or of the push button, in the most prefer- 

20 red embodiment, from elastic material, facilitates the 
coupling of the linkage means of the base and of the 
push button with each other. Such a coupling is ac- 
complished by simply pressing the push button down 
towards the base, which also simplifies the final as- 

25 sembly of the device. 

The thickness of the entire combination push 
switch device is furthermore reduced by the feature 
of having the linkage means placed in appropriate 
positions, such that the fulcra of the seesaw motion 

30 are located inside the switch elements. This elimin- 
ates a possible erroneous operation of the other 
switch elements even if the gaps between the switch 
elements and the push members are narrow. This fur- 
ther reduces the thickness of the entire combination 

35 push switch device. 

Furthermore, the appropriate sizing of the gap 
between the push members and the switch elements 
also prevents or eliminates the possibility of errone- 
ous, unintended operation of a switch element which 

40 is not intended to be activated. 

Additionally, the absence of a linkage means in 
the central portion of the push button makes it possi- 
ble to provide an opening in the push button, and the 
addition of an individual, second push button which 

45 can be placed in the central portion of that push but- 
ton. This provides additional flexibility for the function 
of the combination push switch device since the sec- 
ond push button can now operate an additional switch 
element. 

so The provision of the rotational angle detecting 

means in one of the preferred embodiments descri- 
bed above provides an additional measure of flexibil- 
ity to the device. Such an embodiment does not ap- 
preciably increase the thickness of the combination 

55 push switch device, yet it provides an additional en- 
hanced function therefor, namely the possibility of 
providing an encoding function, such as a variable 
speed control for video cassette recorders. 
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It is therefore intended that the foregoing descrip- 
tion of the invention be regarded as illustrative rather 
than limiting and that it be understood that it is the fol- 
lowing claims, including all equivalents thereof, which 
are intended to define the scope of the invention. 5 



Claims 

1. A combination push switch device comprising: 10 

a base which comprises at least two 
switch elements and linkage means placed in at 
least two positions on said base; 

a push button having push members at 
each respective position opposite to each of said 15 
switch elements and linkage means at each re- 
spective position opposite to each of the linkage 
means of said base; and 

a return means which forces said push 
button to return to its original position upon re- 20 
leasing a depress force from said push button; 

said base and said push button assembled 
together through a coupling between said link- 
age means of the base and said linkage means 
of the push button, so as to allow a vertical move- 25 
ment of said push button. 

2. The combination push switch device of claim 1, 
wherein each of said switch elements comprises 

a fixed contact formed on the upper surface of 30 
the base, a movable contact arranged on the 
fixed contact, and an adhesive insulating film for 
maintaining the movable contact on the fixed 
contact. 

35 

3. The combination push switch device of claim 1 
wherein said movable contact is domed-shaped. 

4. The combination push switch device of claim 1, 
wherein the linkage means of said base compris- 40 
es a first support and the linkage means of said 
push button comprises a second support, each of 

said first and second supports having a pawl on 
the tip thereof to prevent slipping of the linkage 
means of said base from the linkage means of 45 
said push button. 

5. The combination push switch device of claim 4, 
wherein the first and second supports are formed 

of an elastic material. so 

6. The combination push switch device of claim 1, 
wherein said linkage means of the base and of 
the push button are arranged so as to satisfy a 
formula of 0.8 ^ h/k ^ 1 .4, where k is the distance 55 
between the center of said push button and each 

of the said push members and h is the distance 
between said center of the push button and ful- 



crum of a seesaw motion of the push button 
measured along the line connecting the center of 
the push button and said push member. 

7. The combination push switch device of claim 1, 
wherein said linkage means of the base and of 
the push button are arranged so as to satisfy a 
formula of h ^ k, where k is the distance between 
the center of said push button and each of said 
push members and h is the distance between 
said center of the push button and fulcrum of a 
seesaw motion of the push button measured 
along the line connecting the center of the push 
button and said push member. 

8. The combination push switch device of claim 1, 
wherein said switch elements and said push 
members are arranged respectively at four posi- 
tions which are located at an equal distance from 
the origin of a first rectangular coordinate axis, 
and said linkage means of the base and the link- 
age means of the push button are arranged re- 
spectively at four positions located at an equal 
distance from the origin of a second rectangular 
coordinate axis which is rotated from said first 
rectangular coordinate axis by 45 degrees. 

9. The combination push switch device of claim 1, 
which additionally comprises: 

a second push button, which is inserted in 
an opening provided in the substantially central 
portion of said push button and which is movable 
independently from said push button in the vert- 
ical direction, and 

a separate switch element arranged on 
said base at a position opposite to said central 
push button. 

10. A combination push switch device comprising: 

a base which comprises at least two 
switch elements and a linkage means placed in at 
least two positions on said base; 

a push button comprising push members 
at each respective position opposite to each of 
said switch elements and a linkage means at 
each respective position opposite to each of the 
linkage means of said base; 

a return means which forces said push 
button to return to its original position upon re- 
leasing a depress force from said push button; 

a ring-like knob arranged outside the cir- 
cumference of said push button, said ring-like 
knob provided with a knob-placed linkage means; 

a linkage means for the knob arranged on 
said base at positions opposite to said knob- 
placed linkage means; 

a rotational angle detecting means for de- 
tecting rotational angles of said ring-like knob; 
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and 

a rotational return means for returning said 
ring-like knob to the original position thereof upon 
releasing a rotational operation; 

said base and said push button assembled 5 
together through a coupling between said link- 
age means of the base and said linkage means 
of the push button, so as to allow a vertical move- 
ment of said push button, and said base and said 
ring-like knob assembled together through a cou- 10 
pling between said linkage means for the knob on 
the base and said knob-placed linkage means to 
allow a rotational movement of said ring-like 
knob. 

75 

11. The combination push switch device of claim 10, 
wherein said linkage means for the knob on the 
base is comprised of supports provided with 
pawts on the tips thereof to prevent slipping of 
said linkage means for the knob on the base and 20 
said knob-placed linkage means. 

12. The combination push switch device of claim 10, 
wherein said rotational angle detecting means 
comprises a slide contact created on the bottom 25 
surface of said ring-like knob and circular arc- 
shaped contacts formed on said base at positions 
opposite to said slide contact. 

30 
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(57) A combination push switch device perform- 
ing multiple functions is disclosed. The push 
switch device includes a base (51) provided with 
at least two switch elements (65) and at least 
two linkage members (57,59), and a push button 
provided with push members (67B) and linkage 
members (67C) at positions opposite to said 
switch elements and linkage members of the 
base, respectively. The base and the push but- 
ton are assembled together by the linkage mem- 
bers of both the base and the push button so as 
to enable the button to move vertically. A return 
means (68) is provided for forcing the push 
button to return to the original position thereof 
upon releasing the push button. The combi- 
nation push switch device thus constructed is 
simple in structure and easy to assemble. 
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[ i^ifi?^^^ 3 mieefi^^^^^^ 

C 1 EJS« 7 -t- y 7 ^ > b a - 7 

m-t >vt . ziih?M%t > *nzn$\ fcies^^ 
t * h i o iz-£& $ ixtzmm b^mthzb* m 

Wlb-tZ>., 

[00113 Z^Xt- ha-7ii . > 

mz%feix\a>?)tz> hnx\ m^> ^bwsiiftw 

ES-fiUf J: < - 5 v ■> C^fti* +J: !> v 1 - m % • 

-fl-t-tLTKS^etS, tl.*. iS^> ^^Hl 
wts^^is twit . em-t > ^!-i-^«e?r^l§« 

%it itmfi^(=*^ 1 1 taw i - z oy& -mg^zm 
^v>x, mm imnm) mv$)tffo (^MU^i) 



- jii , (&a x h it ■ (t*®& Z > h f>tf 
X^< . Tto/Sif fj-'.7^ r ffifflt^ , Sim 

^tm ■ mm ■ mmm£&m&i . ^tm^aa-z 

[ 0 0 12] I ?>.X T 7 -3 > i- D- yO)X Qf.^i-j 

«i«U flrroKHSii. &fl3B#. PMa£S£$ 
* 1 1 ^)-C'?) & x f<7?3>hn-5 < IS^iB 2 ) , 

mzmm Zitzzt i i> wz-h h x f -f •;/ 7 =? > 

<IBsJ!JR3 ) T\t)§ , 
[ 0 0 13] f»»W2&Ifl||**3Ett*>Xf- >: 7 a 

lS^lI2c7>mi5)cTli, fuf:ft££7fr^D47i 

isjtc u / <- *• mm * r > * . If $il 3 sofiter? 

> L X IS . 5 ft * 'S *lff v 

C^Ji{S'-7^"^T--Y -v7 ■ hi,"7,?>x 
[0014] 

KM*2rK5t ^4t1^.)0 ) rUlfc. Hl^lA- A(c 
*5ft6M3rl3 2 K . El 1 c?)^B - B (cSft^BrffiE 
msiz^t, ZO)x^ < -,;n> ln-7li, ^l-gRg 

'i Kg* 3 > . mmizmmi?t>z o , 3 izmm 

•i it/.: iSm > -a- K 7>v 4 > TlSfS § ^ i, > ^ 7 ^' > y 
rtt . 2 li^^5v-t > * 1 X . lVt Mf^ 2 

[0015] .'N>>i/>'/i7)|*Upj{c(i % Ty-X6 i s T 
oil. T^-X6 >±ir-x 7 

1 7 \) > h mm 1 0 mm § ii-c r «. j >• hmmi 

Oii, 04(c ;: F®0'r^-tJ; ^(-pqjfjTXi 1 *■ 

ft) (-BMt>t 1 X/i\ Il^riaj(csi[^|«i ( \-fi 
^■(Si) (cj^-t >--9- 1 Y#H§t$ii.T^&. X, 7"'J> 

hasi 0 <?)-s&Mmm®mmmv) 2^ 

GEL. H- KS*3^P3 a rill; THAIS' 

7 7 -/ v y- 7' a- zmmtz z t >v't $ h ... 
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[ 0 oi6j mm 2 izmmn u 2 1 * -w l , b 

■><-2 1 !ii^-7w«lP7 aSl'Tl^^-;H<^y< 
-4 ?)mn 4 a Srjf tT^g|5(C^aj I T Ol, , gf^gp 2 
(i. •t"WcRgf^) } f2 3 a mmZtXtzT*®?--?* 
2 3 i . ■t'-Dt b vs'— 2 1 im^hfz±mr-7. 2 
4 > r W L - M¥«>--X 2 3. 24 
- rtSC>v'^S^)ER*r Jf;iS; L , Z?MMz ') > 7 

[ 0 0 1 7 ] [) > 7"mn®fi 2 5 li . 02 3 frt> 
Wofr^Xolz^ Zcr)mMtfl$fc y-X2 3. 2 

4 ) ?>a® b m-¥W b SJ:5 tc^ffifc i~ T f) . 
5S^-fc >flX, 1 Y izm*Z> X fijf^ft $i- L f i. ■-. 
I., ^52 5{i±M^"Nffi-C\ TMtfS®V$> ") . Nffi 

>: smtcomvirmTr L^q^-t > 1 x , 1 y^js 
[ o o i s ] m& <*my-x 2 3 ) a, mmizrv 
izmizb x , *fy-x2 3 tfimm e a c« l x m 

X2 3^«23a(Cii. Tfe^W^^atfi 

W ) 2 7 ?MK7 V $ iiT i h , Sj#fi 2 7 {i . 7>)>b m 
mi 0^)Ri;^l 1 ^^DiCflll . T7--.X6ct;)^ 
(:ffMSi'L^n«^ill6 blcK^.SfL/^XT'J >^"2 

5 (c J; ») . ¥Jf 7--X 2 3 ?m 2 3 af^(;^f}#ff E§ix 
Ti ^, -^5£f5ST'{±. T^If 7--X2 3^12 3 

a , ^mt 2 7 ri*x 7- <) > 7' 2 s x&m&Livmiim 

lS$i'u2> 5 fll,. i'«2 3a. Slf#42 7So f XT'J > ^ 
2S2-|S(t^f5a(i, ^JiT&S^iSK, b^'- 
2 1 (S^) (CfiS^tS • > ^'TS h &)X* 

[0019] (jE-jT, *«.^-X 23.24 TffMJit 

jf$f*. m*>ws-2 in. zmmzx ~o . ^#«2 

/ "t-j£J$$iio-pX$i^r[p].h Yfi^ra^^lii^^i.j; 
LTffiE^fB] (36 0' cr><£1j$\) Zb 
t> : X'£ h, X. V> <- 2 1 *mt L^v-> >§J^ Sftfi 
2 7 >.X7 ; [j > : /2 S<nmiZ£ 0 . UA'- 2 1 

[002 o ] d (ctf eesiutxr ^ ■•/ ^ 3 >■ h 

n- y (-zii V '»T . ^^gi: 2 ^*fttcj: S 2 5 fc 
*>tlX (X(alY) >i7)effi^(CO^T. H5- 

n 7 ai^a i e *#Bs lt^bj^-s „ ti'msi-t-i^ 

X . 1-^-2 1 tr&f£ L t-i v> # meL^J: o 

%®2 7b x r >j >7'2S <r> tmizx o , v > <- 2 l (i 

Si0^:^LA>m-b>-->f l x (Xiil Y) iO.>S^(^f 
ffl-f Zfzfi. ®%-byinx (XlilY) &M 
W. tiilrtf'&h.iltti i (Hi 6 iO^ 7 7^^)0.^.) , 
[00 2 1 ] (16 (C^f-Jt 5 Uv\'-2 1 
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xfJdj-fi (Xii'^ -f ^-xYffi^nn) izfflftztm. * 

f;};>--X 2 3.24 XW&Zi^MtfT 
#$6 a'C'S/- .-,aooXlt^(Sl>Y||^(fil«.-idlfi t ar 
: 'c I "C Nit"?" •&> , i - KS2 5 7) S fi/j'ISlSl-t 
'^'1 X (.Xiil V) (CtfL tit: <:{~3S< ft&7rC. K 
%X > "t 1 X ( *ti 1 V ) <7)iMj«HEtt-?4 "f 7,(Cf.*<' 
(_*S<ft§, 

[00 2 2] EttC. 07 Cn^i 5 - V) <-2 1* 
7*7.7, X*S#I&1 (.X(i7°7XY«i^|B]) (Cff.l+S > . SZ 
^ 2'5 7> NISjWB** >'^1X ( Xli 1 Y ) <•-** L "CI* 

<? < "4- ') • fci:<v-t > 1 X ( X(S 1 Y ) :>.&:h^t± 

i-i r 7 x'c& iM> < ft* , --^ J <- 2 1 <nmn 

2 5 7) N % c S 5 r 3* f- L ft: '•') KSvt > "9" 1 
X. n^^l£]fr^)«rc ; r3lE(:Lft i .)'r« IbT. 7"7 
.7. - -i-7.7)Lli+)'~:itr ;*ICl~l> -I i o "Tflt"C'J> & 
[00 23] III LP h W t> *»ft i "> - W <- 2 1 ~ 7" 
7 XX W^-fS], -?<->■ ZX^klim . 7 7 7Yli/ii^. 7 
-f 7" 7, Y|^jTM]^)&^To]!-ffl(t^ > . -t-i'L-f XlttJtj^S 
i,"L 7'7 7.X$1i;jl«]t1iKm-t> tM Xs ; 777C. "7 
-f 7-xxii7j^i":"!±K^>^ 1 x? ^" 7 ^ " txic - 

XYtt^(6l-?taH5rvt>^lY^T5^(2. 7<t-7.Y 
**ltf?liK$rvfc > * 1 Y-//'7^ ^XlC^t 5 , X, 
W<-2 1 -r(7i]/.[j:7 : 77.Xtt^r«]>:7'77.Y$i7fr5]^ 

»(; 7 7X^J <ft>) . U-'«-2 1 Srfflitf^ 

>. !ii7J^:)±(iWAT"l> L(7^<r(C-7^7-7.>y''** <ft 
•» (to;. W <— 2 1 z^liW^MMtWrJl: I ft: 

aji]tg:.E'//'¥i«* >tix, i ya-* *>ii* - i <-ft 

0 . .1 cr>W\B.%-t >tix, 1 Y7),'i}+l£E/;"-'> - I- -' < 
[00 241 ;>■:(:. -tl&7r< -/73> ho-?C*J<-* 

-c . i^-t >tix. i y iz&i mmiz^'xmi? 
-r^Tf.-'L^sYicfs^BKriis^ (b) t^r , 

X'b h ti<ft . - I Tli X«^(E]ffl^)[Hl5&(-^^ ^^TAf.^ 
[ 0 0 2 5 ] HS*7) ( a ) (Cfcv '-t: . V cc -V ZE ia(cEP 
Xlzwiic?., *-'L-S^SX(-iE^tH.*i^- iSfitR 



;i L |l +-/|^ S X^JS^t-^ 2 5 <»K%> S 
tE^tit^r I- // : *J[B"f S *E.+)-.)^5-h ^ Pltt"'"^ 

-C- u / <- 2 1 tfmt SiU Th- -a S X (c Kffir/'iS 

o < y tfmzi ift*-'i«7-s x^^^ipij 

!.rr 7 7.itE^\ IRfitRi (c^t-iift^lPil!c-7^-t- 
x^E»^41- 1) , 1 «^ s x - 
tints i Cj izxuzti* fitlTtR 5 . iiio^oiiftti 

^£pC iotOUTi ')7"7 -7€E > L -v * 7J S iL o , 
[ 0 0 2 6 ] R*fH , 1^ 2 1 «»f^t-i 0 . 
ff SX!:Sl* : iW<L jfefSR; !-t#^5iift:^- 
/l«T 1 SX7:)^rffl!C7 : 7 7.'€E// ; - ffiKR 4 i-fS^^ 

ixft^-'ift^s x^sfli(-7 i +7^sA«-r 

7.i]$i-L«ft^- fitSRj 
o f 0 U T X 0 7 -h 7HE i: L "C tB .+) 5 il & 
[0027] «5f&, ri---'L S+S X7.)ft7]^$:AiUfi 

^ x ^_,!,^S X«aj^rli<i5l I Cj ^A7]3 
7) 7" 7 7. ■ ^^7-7(-j*(C.7^'t'-5.-^'-i' : '' ;: * J - ' £ 

A7>7tims-ts^^-c". u-'<-2 1 

-5) t & O UTrO V !CpS^"^> ft^^> « - ^"-^ ^ - 
[0 0 28] 7 : 7.7X^7TP1. 77 7,Y«J3. 

-7 7- .7 X f iTT-fB] . 7 -f t- .7 Yf S?j l6jiD 4 77 f*] * A+l t 

i, x •■/ +mmzi% i- f i^-r ^» - ■ 

«i;7;iC7-f v^-> 7«r?#ftti:ft: I Ctiii*. 

iz?it-mteinizoK-.-zmw-fz>-. ®9mM i 

0 (--c7)@ff^7)— , 09 (iX|i7Tr6]ffl7)[ElS§- 

•c. mi oiiYmm^mrchv. mmmmi^ 

huw-ti* X, m*m%m?>®>$ limits 
m t mm-ch i> ft* - ca s ?mmzhm s ft^gPTj-u 

[00 291 09 cmmzii i >"C. I C 2 =£9 !i'.7; 
ftmEJi. T-ru/JtKlsireSrflWt-fS 1 c * • 1 c « 
.<=Ai]£ii£, f^-tf- GNDCMt. V c: =+5V. 
V EE = - 5 V > -fb t . I C . ^mTJi-i - -^-2 1 if 

im im?>g®£.ii iaiit- 2. > ^ 1 i . 0 v t ^ -> c v • 

CSLt^V^^. ffi^R-; . R 4 ->.^Eit 
X-C V t * V £ E C» L - 7 V [-15.^ I . mK Ri • R : f 
7)*E>tT'C V, i Vj S (C*t t + 3 VClSrt L ftl-t^S 
.h. 2 1 a»*C£ffit!> ^ *— '^T^ 

S X i i 0 v -c\t) 4 k> . 1 C 2 <r>/3\ iiOVV^r 

IC 2 fOtK^ti G N D Ktt I T 0 V > ft 6 < 
Vti, a>.'^— 9<T>W^:hh V EE (C74L-C{i:+ ?V 
■hfto-CV>|, 0 
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[ 0 0 3 0] i-)', Z 7) iti tj - 5 V Id .. I C s Jt$Z 
p£!±cv : --7v c toiSi.i/i:.y>. ic ; sffiiouT 
+ <!•<> w ) o . * ^jtKms C V, = + 3 

V'.-t Oiwji rfz#). I C, ^)ffit)0 UT-X = L c^jih 

TSXlzy > . t> — )L S X^fttlte?*^ 

7 i 1 C , -Ztm * i tfc«E#G K D (C*f L + 3 

.I^.Ete. V [£ (;tUSV^^o, 

i c ?>it««Ec v, j: o ±* < & o . i c s ^ttrt 

out+x-h (H i ghi T'\o»9, s/:MlffCV 
. -t ') .sit . IC 4 ^ffiij O U T - X = L .h £ & 

-| 1*tSX s & . s X i?;HJ^jA» 

•7 -f ~ ;ir-. I c, c?)tbi]r>'GN on 

*fL"T iviz^Zt. zwmz. v EE ;c^L + 2V 

'CJ. ifi>jOUT-X = U £Bt|OUT-X = H 

c ^-o I^'i.-t (i . uv\— 2 l nmViMzmit:?-. 
1 ■■■■ + > 'AW^mzttf-Zizh, 
[ 0 o 3 l ] p|<) 'iy'Hi O(-^1-0K!i, 4^fB] (it, 

VM-ffW h 1 '•-v')./i-.-.ir : -fj] ) 7)fmt Ltl'Wltli r > 
^'"""5 * f ; 'U<i\ I r : <•'-"' [!', -jo l'T • \; : i : • ; 

iirtoLT x-i-. an dew dumm) zm^&'zt 

C J: -> "C -S ;/|i.Jv?.){J-^ > I f f (Iffl-tS V § ... 
[00 3 2] tZ^X. ZVX^r i ~, 7 a> ho— 

y-^®.®izmm?z,iV£. «ma:2«iw\'-2 1 

fin. 3xwcii tttijrau&^ttvi^sBURr 

*fr ^ * k - -rii o ^>*ff * mt&t h x •? izn 
mm-kitzumb z > i?x-% . mz^n&m&m 

iz-y^xmitz,, 

l 0 0 3 3] * -f . ±M&mmW&>Z t < ■■> 7 a y h o 
- ? tZi-HiZ>mt?& 2 fit . [) >7'\f,OWa 2 5 £*T¥- 

mr-x 2 3 1 ±.m;7--x 2 4 x-mmtimmzm 

(a) (;>T^-, fin*,. E55 3 Oii^ffcc^O. Z<7>®& 
3 0f)4>'D(-Uv<-2 1 tmHi-tviiX ir>S, _c7)t^ 
i5 2rffiffl^iUi'. e^-fc^-FOtb.-trlEli, 1.^-2 
1 ^)|«I4«!S(CJ£ ^E^W^tti L T aj.ti^n. ^ tz 

[ 0 0 3 4 ] m 1 1 ( b ) iz9jk?tm%2Xli. iS5 

5ippmviX'hi, p.Po, ess H5^#a; 

2(.:isit^ -j > ^.^)je52 5J0i*i(iiiS5> Itz i>n 
X\ mi£fkit?m~G 3 0 ^) . 2 1 coffi®fH& 

lzt-\ I T(Srv+- > *?)®%te&lz-m t £%ft<7)*-<r>W$. 

cifzi 7>x-h h i m& u .. Huieiss 3 0 ii« 

. u-'<-2 1 ^) tol^mtc it L x . ISM-t > *f?) it,f) 



j 0 0 3 5] L ^ L .3 . mi If) (a) . ( b ) lz 
*t&G3 0, Site. ^»-fiiiJg^ttfflS^t>/t: 

[003 6] X. ^jr-x 2 3. 24>JS525^ 

r^-tui 3,7) (a) mm-t>^{c*rai^s 

%ftl3$:'l$Z>ZttfX'$&» ZiXlzmtX. h><-21 
^ 2-'J> ^"-'K^KS 2 5 > L T Jb -5 iDT , fflS?)® 0 
[003 7] -^r. ®5(_=i-|>flfl(-(i. 7i7{F, 

s£Gizw%zii&< zom : m- mmnmi. wgwi 
•et<¥it-x2 3. 2 4c?)ffi(c. mm2 (r*m 

6 zFtmizmmitim t t&mzm x , mi 3?) 

( b ) iZ^tX 'j IZ. ¥-fK1r—.X 2 3,24 50@i 0 ^ 
L 'h§t >g^> > 3 4 I. . ffi^-fc > -tf- 

3 4 ^»ffi*^^--x 2 3. 24.7m 

mx o F^flKciaarr s =t t-r s , c o f 5 - > x\ g 
534 { iffi^ai-^i-^ < 1 % < i) , ^m-Mmn 
&®mzmmtzfcvx'i. v w . n tmti • 
®imffi. : £ft±$it& z > tfx-z h , n^a . wmizti 

7jklX\,^V^\ Ml 37) (a) i0*g-£\ ^ttr— 7.2 

3.24 aiflapB 2 5 corns zmmms.r>4tmitfx 

[00 38] y-^§Kcfet.Tte. MIKWm 

mmmtx'ti/sjjz* 'mtzit?. mmm^xn. v 
tfh&ztm^, liite. ?-^mmzmm.±. mm 

[oo39] ziuzttmitztaiiibmm fz#>7>wt 

r^Kr01 2^) (a) iznk-t>mz. SlcfTlEM 

Att • mmm*m±2-£ztz#>7M$.*ft'-jf&5$:m 

1 2 7) ( b ) iZTjkt* I12« (a) ^5 3 2te. m 

%^ymz#m?&?mtf¥i§miztcr>fci><7)X\ n 1 

2W ( b ) ^53 3 (i. ¥il^*ffiA^5ic^--X 2 

3 . 2 4 i7j«csj: o ftmtz®mtz> mx-h & , x, ± 

.Jill vtt i 0 Sari] L ^ tlj+i [ft** *• f#|>^^>^*r^o 
i' m 1 4 tl^-f ,014 7)WE 3 5 *± . ftffi/^'f^flij 
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[00401012 Rim 1 4 C^tK5 32(3 
3) . 3 5 *fri-mm*:®lZ>*T 4 •:'?3> 1'° 
-^(-.iO^^i'L^HiSWt'itt^'rlll 7(C7Ft, HI 
Tl-fc^T , £53 2 ( 3 3 ) iZ&lftVtmtfSM 
X K 3 5 (CIS -2>tttelttl& h 0 1 " -'^ 

ri*>" mi 6 c***«w^fcJt*T . (-p.iWFi 
i o 0 4n x. tax izmmzmzMH-fz® 

i.-. £5 3 61s. ^?)»i : [Hl^(c[a^ii>^'' i ; 
^,j£TT 3 6 (_i ') #.oi L ^^fttftif ; tts . HI 9 Unit 
.i - : » (i f-PM^ffl-ft -5£BKLB-$:£ i: . £7) 

usitHi-* - 'c *nmx'$ h , wjf®9 ._n i o«> 
jfr-cis jjA'V^ <^'t^'":..i >x\ znmz 

1 o o i 2 ] t o-c. m- y-umiza^-zii. 4 

#fl*>« " f> ■} t> . 2 otf>«W«»as:ft L -CUv l+£ 

v ft i, ir » .. - f)^&<5 . El 9 JttfB 1 0 f «f MI 
^zmW-)mWn (Exclusive OR) 5: ffli, Wf^it 
(ill y-A«Stf>V 7 h^i«±^H!^ ; b^< . 

timi 5 •:. i- > <- zit^tim/t&rt-itta ( a ' - * 
iHii^i ( b ) j iz^tx -j fcfa&wiiflsatettB-f * . 

•I-C-!i. r-?-^^"-^2 3 > U '<-2 1 rK(+vt-2.^ 
C)-K2 4 a £#-f*J:¥*?— * 2 A'c-Z-mZilZW 
^ (4<^:)XttJj|"]aC k "V$W)76]^)-ri"L-fiL2HPJr(C. i&lfT? 

\»uzmi<?y4iMl4 0#lM*ix. -&«I4 0(C T 

aw-ret***- h - c x- . mtmmmmmft s 

2 Ki^'-f 1 ; 4 1 i-Z&r>tz9 0 ■ #f.)7fl*] < flilf&t^ 
15] ) (c I A'Wf.'t § -ii' £ •- b tfX'b t't •, 

[0043] ^ec . ±ie@ 2 su ; n 3 iz^trnmrnx- 

it. |«f^2?.)L- ^-2 1 riimy^k^i^E (S 
its*) (•- (JSi^ t •§> tm&fc&w • Tf*^- 7 ^ 



3?:>il2 3 a. 

*mwmz^x®2owm 

2 1 ^#. t ??.L"ClCT't'S>, I2 0fl(a ) i-ZT^tBMX- 
-fifiR.7--7. 2 3<D4"DKI22 Of) (b) tC^i 
o %mm<?)®!&fc 5 0 ^TRf+lt ^ J l . - ")iSttfr 3 0 lz 
&9?Mffi*W.^X\%2 Of) ( c ) tCTfcf i '^-f^f) 

mE5immm^i'iX^h, k _ €5 it*. wifDFi 

R^;^^' SflO(C . |^(P.i]f)Rtt^Slc/r//' NSlctr o t S3 



5 1 bf)esra(^i. U'<-2 1 'rSi:(-(fi ; ^+!r^.t 
(- K-1±(* 5 0 f)-^M£5 5 1 {cfi/^Kffi^- ') « 

- x 6 f mfH zMMi-t I'd X v •» ... X . JSltf* 5 0 Wfe 

5 5 1 f )tia£{ i . Mia i * i o iz5.*±x- h h&&&% 

< . ^J)^>^ixtz^MX%\%h^\ 
[ o o 4 4 ] z ?MtiLiz £b'c. mt& 3 0 a^mzn 
LgfSbjlSf^t^. W<-2 1 *«mLt'V^ 

fit. #ffi(*5 0rm5C(ttTi 

i^.l. s£^4iWf^-^2 3(cK5rK(i-t+. ^ 
gtff 5 2 icgttfr r @.5e L X I £. v .■ 
[004 53 021 (c*1-)f^J.-C-!i. T^If7--X 2 3 

it. ; f){S 2 3 b ( "SftSW c L "C m 6 0 ^«5f!>^ 

x<ii . m 6 o \tmzm 2 3 b f)^-D(ces l j: 

u ,^_2 l S&f^L&i >h S(±. WN-21(i:S 

■I > 7" 6 1 ?rtmii%$±izim$*^'- 
[00463 . ±gmmm.x'U . 2 if )S^-t > 

#1X, 1 Y r 9 0 f) W Sfslll XWt I f w . ^ 
-9 0' !-I5iEi--&«i^<. 9 0" ll^^mm 
X*h-->Xi> . 2iif.)t£.m-t> 1 tl X. 1 Vf.)aJ^5rilJ 
-t& I > icj; 0 . l"-' <-f)( : Ii^ (t$W(*n£1$£"?" 

i H5{.±K.^ >tl\, 1 YC*}[SJ L ^ V '•iUs 

i v »f >-c l o u > rimn-fcBMX'h 

[0047 ] Cf>ft!i. ±IS^S£,H^.{i- 2(if)IS^-t> 
-t 1 x. lY*HBtot&tl)S» ! . 4lf)&3M:>' 

tixmmvvmmz*it*ix2®7)i&&* > 
vzmmix i> . ptfd.2b.'<-f)(#'WKayffl*wrs] 

S-jfctij-cg; 1, , : (i l . r f.)*^{i . S5ifp*J&* { ^ < ts. 
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